Introduction
During the measurements of acoustic emission (AE) pulses generated by partial discharges (PDs) in the insulation of power appliances various forms of interfering signals occur. The disturbances occurring during measurements in laboratory and industrial conditions can be generated by the sources inside the power appliances under study as well as the sources emitted in their surrounding. The sources of interfering signals can be physical phenomena of a mechanical, electric or acoustic character. The disturbances which occur during measurement of AE pulses generated by PDs when overlapping the time runs measured can cause their deformation. This phenomenon can have a direct inuence on the correct interpretation of the measurement results obtained using the AE method. Hence the necessity of evaluation of the inuence of interfering signals on the runs of AE pulses generated by PDs. Therefore the AE signals generated by disturbance sources should be measured and their frequency and timefrequency analysis carried out. The results obtained in this way can be the basis for a comparative analysis of AE signals in order to identify particular types of disturbances. Based on the results of the comparative analysis of acoustic interfering signals and AE pulses generated by PDs it is possible to select a lter eliminating adequate frequency ranges [15] .
The subject matter of this paper refers to the analysis of the inuence of the interfering acoustic signals generated by fans and pumps cooling transformer oil * corresponding author; e-mail: t.boczar@gmail.com on the measurement results of PDs taken by using the AE method. The paper presents the results of measurements and frequency and timefrequency analyses using short-time Fourier transform (STFT) of the acoustic signals generated by the measured sources of disturbances. Moreover, the inuence of the disturbances analyzed on the measurement results of the AE pulses generated by basic PD forms that can occur in paperoil insulation systems was determined [68].
2. Characteristics of the sources of interfering signals, the measuring apparatus used, and metrological conditions
The measurements of interfering signals that occur during a regular operation of the triphase oil-immersed autotransformer type TLSRB 250000/400 PN were taken in industrial conditions in a power station. The autotransformer under study was of the following nominal data: active power 250/250/50 MW, prime voltage 400 kV, secondary side voltage 123 ± 8 × 1.5% kV, connection system Ynyn0/d11. Within the research measurements were taken of the AE signals generated by a cooling fan and of those induced by the operation of the pumps forcing the movement of insulation oil in a closed circulation.
A standard system by the rm Brüel&Kjaer, consisting of the following elements: a wide-band contact piezoelectric transducer, an amplier equipped with a linear lter, and a measuring card, was used for the measurement of the AE signals. A detailed characteristics of the measuring apparatus used and a description of the computational procedure have been shown, among others, in the paper [7] . (Figs. 9, 10 ), which were determined for the AE pulses generated by the interfering signals under study, were shown for graphic presentation.
Analysis of the results obtained
Analyzing the results obtained the following conclusions can be drawn:
The range of dominant frequencies of the frequency characteristics drawn for the acoustic interfering signals generated by the cooling fan of the autotransformer was within 070 kHz.
For the frequency spectrum runs determined for the AE signals generated by the operation of the autotransformer pumps the range of dominant frequencies was within 3060 kHz.
Analyzing the results obtained during measurements of PDs using the AE method the inuence of the interfering signals dominant bands of which overlap the spectra of the measured AE pulses generated by PDs should be taken into consideration. The resultant range of dominant frequencies for the interfering signals measured, for the discrimination threshold of −20 dB, should be within the range from 0 to 70 kHz. 6 . Comparative analysis of the acoustic emission pulses generated by partial discharges and interference sources under study Eight basic PD forms that can occur in insulation oil were selected for the comparative analysis with the interference sources under study. The research work carried out referred to PDs generated in the systems that enable modeling of the following discharge types: class 1 discharges in the pointpoint system in oil, which can be related to PDs generated by insulation damage of two neighboring turns of winding of a transformer; class 2 discharges in the pointpoint system in oil with gas bubbles, which can reect PDs in gassy oil and which are caused by insulation damage of two neighboring turns of winding of a transformer; class 3 discharges in the pointplane system in oil, which can model PDs occurring between a damaged part of transformer winding insulation and earthed at parts (tube elements); class 4 discharges in the surface system of two at electrodes with paperoil insulation between them, the most common PD form occurring in the so-called triple point, in which an electrode surface is in contact with solid and liquid dielectrics; class 5 discharges in the surface system of one at electrode and one multipoint electrode, with paperoil insulation between them, a dierent electric eld intensity distribution in comparison with the surface system with two at electrodes; class 6 discharges in the multipointplane system in oil, which can model PDs occurring between a multipoint damage of transformer winding insulation and earthed at parts (tube elements); class 7 discharges in the multipoint plane system in oil with gas bubbles, which can be connected with PDs occurring between a multipoint damage of transformer winding insulation and earthed at parts (tube elements), but in oil with gas molecules; class 8 discharges on indeterminate potential particles moving in oil, which can model PDs occurring in oil containing particles of cellulose bers formed in the process of a gradual degradation of paperoil insulation caused by aging processes.
A detailed characteristics of the conditions in which the experiments were performed and the results of the frequency and timefrequency analyses carried out of the AE pulses generated by the PD forms have been presented, among others, in the papers [4, 6] . A comparative listing of the results of the frequency and timefrequency analyses of the AE pulses generated by the PD forms under study and the acoustic interfering signals are shown in Fig. 11 , on which the ranges of the dominant frequency bands have been shown in the form of columns. Letters were used to mark the interference sources under study, adopting the following way of numeration of the interfering acoustic signals: A generated by operating cooler fans autotransformer; B generated by pumps inducing autotransformer insulation oil circulation.
Summary
During the analysis of the results obtained at diagnostic measurements of insulation systems of power transformers taken by using the AE method, the inuence of the interfering signals should be taken into account as their bands of dominant frequencies overlap the spectra of the measured AE pulses generated by PDs. The resultant interval of dominant frequencies for the interfering signals measured, for the discrimination threshold −20 dB, should be assumed in the range from 0 to 70 kHz. In order to eliminate the inuence of the analyzed interference of the acoustic character, a high-pass lter of the low frequency equal to 70 kHz or numerical procedures making a digital ltration of the AE signals registered possible can be used.
